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Determinants and Consequences of Obesity
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Objectives.To review the contribution of the Nurses’ Health Studies (NHSand NHS 1) in
addressing hypotheses regarding risk factors for and consequences of obesity.

Methods. Narrative review of the publications of the NHS and NHS Il between 1976
and 2016.

Results. Long-term NHS research has shown that weight gain and being overweight or
obese are important risk factors for type 2 diabetes, cardiovascular diseases, certain
types of cancers, and premature death. The cohorts have elucidated the role of dietary
and lifestyle factors in obesity, especially sugar-sweetened beverages, poor diet quality,
physical inactivity, prolonged screen time, short sleep duration or shift work, and built
environment characteristics. Genome-wide association and gene-lifestyle interaction
studies have shown that genetic factors predispose individuals to obesity but that such
susceptibility can be attenuated by healthy lifestyle choices. This research has con-
tributed to evolving clinical and public health guidelines on the importance of limiting

weight gain through healthy dietary and lifestyle behaviors.

Conclusions. The NHS cohorts have contributed to our understanding of the risk
factors for and consequences of obesity and made a lasting impact on clinical and public
health guidelines on obesity prevention. (Am J Public Health. Published online ahead of
print July 26, 2016: e1-e7. doi:10.2105/AJPH.2016.303326)

ver the past 40 years, few health topics

have engendered as much concern,
controversy, or debate as obesity. Once
a rarity, obesity is now epidemic, and major
health organizations consider it a disease.
Obesity rates have climbed across the
decades despite increasing knowledge
about obesity’s health risks and strategies
for prevention. When the Nurses” Health
Study (NHS) began in 1976, the national
prevalence of overweight (body mass index
[BMI; defined as weight in kilograms
divided by the square of height in meters]
of 225 to <30) in women was 24.8%, and
obesity (BMI >30) was 16.8%." When NHS
IT launched in 1989, overweight prevalence
in US women still hovered around 25%,
but obesity prevalence had climbed to
nearly match it." Today, approximately
two thirds of US women are overweight or
obese.

The findings from NHS cohorts have

greatly contributed to our understanding of
the etiology of obesity, as well as its con-

sequences. Among key findings are the

Published online ahead of print July 26, 2016  AJPH

effects of excess weight, even in normal BMI
ranges, on the risk of chronic disease mor-
bidity and mortality, the importance of
limiting weight gain, and dietary, lifestyle,
and genetic determinants of obesity, as well
as gene—environment interactions. We have
reviewed these and related findings and
how they have contributed to obesity
knowledge and public health approaches
regarding obesity prevention. (For a more
inclusive list of NHS and NHS II publica-
tions, see the Appendix, available as a sup-
plement to the online version of this article at
http://www.ajph.org, and the 2008 text-
book Obesity Epidemiology.?)

ABOUT THE AUTHORS

ASSESSING ANTHROPOMETRICS
IN THE NURSES

In brief, in 1976, 121 701 female nurses in
the US aged 30 to 55 years enrolled in the
NHS. The NHS II was established in 1989,
enrolling 116 671 younger female registered
nurses. At enrollment and biannually there-
after, questionnaires have been administered
in both cohorts to collect and update self-
reported medical and lifestyle information;
dietary data have been collected every 4 years
viaafood frequency questionnaire (beginning
in 1980 in NHS). Follow-up rates have
exceeded 90% in each 2-year cycle. (For
additional information on the inception and
methods of the NHS, please see Bao et al.
[pXXX] in this issue.)

With more than 200 000 participants
followed up to 40 years, NHS investigators
now have millions of self-reported anthro-
pometric measures. Weight is the most
commonly assessed measure, appearing as the
first or second question on each biennial
questionnaire in both cohorts (except for
1984, where it appeared as question 12).
Other measures—waist, hip, and upper arm
circumferences, childhood and adolescent
somatotypes, and recalled weight at age
18 years—have also been assessed.

The first validation study” in NHS
compared self-reported versus technician-
based anthropometric measures in a Boston-
based subsample of 140 participants in
1986—-1987. Technician-measured weight
was highly correlated with self-reported
weight (r=0.97), although participants
tended to underreport their weight by
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1.5 kilograms. Technician-measured and
self-reported waist circumferences were
nearly identical; hip circumferences tended to
be underreported by about 0.5 inch com-
pared with technician measures. A later val-
idation study compared recalled weight at age
18 years with college or other school records
in 118 participants of NHS II. Correlations
were high between recalled and measured
past weight (r=0.87), height (r=0.94), and
BMI at age 18 years (r = 0.84), although
BMI at age 18 years on the basis of self-report
was an average 0.5 lower than was that from
records.*

OBESITY RISK FACTORS

NHS participants have tended to gain
weight through midlife,” roughly 0.4
kilograms per year.® Although this pattern of
gain is often viewed as normative, it is not
inevitable. As NHS research has shown,
maintaining a healthy weight is in large part
a function of lifestyle choices that can curb

the risk of obesity.

Dietary Factors

Nutrients, foods, and beverages. That dietary
fat was a main cause of obesity was once
a widespread belief. However, in an 8-year
follow-up of NHS, total fat intake was only
weakly related to weight gain.” Increasing
intakes of energy from monounsaturated or
polyunsaturated fats were not associated with
weight gain, whereas increasing energy in-
takes from animal, saturated, and, notably,
trans fats were positively associated with
weight gain, particularly in overweight
women.’

As women decreased energy intake from
fat through the 1990s,” total and types of
carbohydrates took on new importance. In
a 12-year follow-up study in NHS, women
who had higher whole grain intake gained
less weight than did women with lower in-
take, whereas those with higher refined
grain intake consistently gained more.” In
addition, women who increased their intake
of whole grains or total dietary fiber over
follow-up had 19% and 34% lower risk, re-
spectively, of becoming obese than did those
with the smallest increases in intake. Refined
grain intake had opposite effects.”
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Other food groups (e.g., fruits, vegetables,”

and nuts'")

have also been foci, often owing
to controversy about a particular food over
time. For example, in the NHS, higher nut
consumption was not associated with greater
16-year weight change than was low or no
nut consumption.'” In a later NHS II study,
women eating nuts at least twice per week
gained slightly less weight and had a slightly
lower risk of becoming obese than did
women who rarely or never ate nuts.
Beverages have also been evaluated in
relation to body weight. Alcohol intake in
NHS II had a nonlinear relationship with the
risk of gaining 5 or more kilograms. Women
who were light to moderate drinkers (up
to 30 g/day) were less likely to gain weight
than were nondrinkers or heavy drinkers.""

By contrast, increasing sugar-sweetened
beverage (SSB) or fruit juice intake was as-
sociated with greater weight gain, and de-
creasing consumption with less weight gain.'?
In another study, women who increased their
daily intake of water, coffee (without added
sugar), or a diet beverage by 1 serving lost
weight in a given 4-year period, whereas
those who increased SSB or fruit juice intake
gained weight. Substituting water or coffee
for SSBs was associated with an average
0.5-kilogram smaller weight gain."

A comprehensive analysis of intake of
multiple foods and beverages and weight gain
was reported in a 2012 NHS article, which
also included the Health Professionals
Follow-up Study (Figure 1). Women who
increased intakes of potato chips and potatoes,
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Note. Weight changes are shown per increase in daily serving of the food or beverage. All weight changes were
adjusted simultaneously for age, baseline body mass index, sleep duration, smoking status, physical activity,
television watching, alcohol use, and all the dietary factors shown.

Source. Adapted from Mozaffarian et al.®

FIGURE 1—Relationships Between Changes in Food and Beverage Consumption and Weight

Change Every 4 Years in the Nurses' Health Study (NHS; 1986-2006), the NHS 1l (1991-2003),
and the Health Professionals Follow-up Study (HPFS; 1986-2006): United States
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refined grains, sweets or desserts, SSBs,
processed and unprocessed red meats, or
fried foods experienced greater weight gain,
on average, over a 4-year periodl,6 Con-
versely, women who increased intakes of
vegetables, fruits, whole grains, nuts, or
yogurt in the same period experienced less
weight gain.

Dietary patterns and diet quality. Dietary
patterns and dietary quality also emerged as
themes of obesity research in NHS cohorts.
‘Women who increased their adherence to
a Western pattern (high intakes of red and
processed meats, refined grains, sweets or
desserts, SSBs, and potatoes) gained the most
weight across 8 years of follow-up. In parallel,
women who increased their adherence to
a prudent pattern (high intakes of fruits,
vegetables, whole grains, fish, poultry, and
salad dressing) gained the least weight."*

In a recent study of dietary quality char-
acterized by established healthy diet indices
(i.e., a Mediterranean-style diet, the Alternate
Healthy Eating Index, and the Dietary
Approaches to Stop Hypertension diet),
higher or increasing adherence to any of these
indices was associated with less weight gain in
a given 4-year interval through midlife,
with greater benefits observed in overweight
women."® (For additional information on
dietary assessments in the NHS, please see
Hu et al. in this issue [pXXX].)

Physical Activity, Sedentariness,
and Sleep

Higher levels of physical activity were
associated with both prevention of weight
gain'® and long-term weight maintenance
after intentional weight loss. Among the
major findings in NHS II are that women
with low physical activity levels (e.g.,
<30 min/day) who increased to high levels
(=30 min/day) had significantly less weight
gain. However, if physical activity remained
low, or fell from high to low, women had
an elevated risk of gaining weight.'® In
NHS II, jogging or running appeared best
for limiting weight gain, although brisk
walking and bicycle riding were also inversely
related to weight gain.

In addition, sedentariness plays an im-
portant role in obesity: television watching
and other sedentary activities at home or work
increased the risk of becoming obese in
NHS."” Conversely, each 2-hour daily in-
crement spent standing or walking was as-
sociated with 9% lower risk, whereas an hour
per day of brisk walking was associated
with 24% lower risk (Figure 2)."”

Habitual sleep duration was first assessed in
NHS in 1986. Across 16 years of follow-up,
women who slept 5 or fewer hours per
night were 32% more likely, and women who
slept 6 hours were 12% more likely to gain
15 or more kilograms than were those
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Note. Analyses were adjusted for age, smoking, alcohol consumption, and dietary covariates. All sedentary

behavior variables were included simultaneously in the model. Other sitting included reading, mealtime, and at
a desk. Vertical bars indicate 95% confidence intervals.

Source. Adapted from Hu et al."”

FIGURE 2—Percentage Changesin the Risk of Developing Obesity Associated With Television

Watching, Other Sedentary Behaviors, and Walking Among Nonobese Women in the Nurses’
Health Study: United States, 1992-1998
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sleeping 7 to 8 hours.'® In addition, in NHS
I, more years of rotating night shift work
(i.e., less nighttime rest) were associated with
an increased risk of weight gain and obesity
over 18 years of follow-up. "'’

Genetics and Gene-Lifestyle
Interactions

As one of the founding members of
the Genetic Investigation of Anthropometric
Traits Consortium (https://www.
broadinstitute.org/collaboration/giant/
index.php/Main_Page), NHS cohorts have
substantially contributed to understanding
the genetic determinants of obesity (see
Appendix). Through genome-wide associa-
tion studies, Genetic Investigation of An-
thropometric Traits investigators have
identified hundreds of novel common vari-
ants associated with weight and BMI, waist
circumference, waist to hip circumference
ratio, height, and macronutrient intake.

Studies on interactions between lifestyle
factors and genetic predisposition to obesity
have also been a research focus. In a study
that included the Health Professionals
Follow-up Study and NHS as discovery
cohorts and the Women’s Genome Health
Study as the replication cohort, SSB intake
strongly interacted with the genetic risk
of obesity. Increasing genetic risk at 32
BMI-related loci, coupled with higher SSB
consumption, resulted in an exponentially
higher risk of obesity (Figure 3).?" In a similar
analysis, a genetic risk score interacted with
fried food consumption, showing that fre-
quent consumption of fried food magnified
genetic risk.?' In addition, in NHS and the
Health Professionals Follow-up Study, genetic
risk interacted with television viewing,*
physical activity,” and, most recently, vitamins
B intake®® on obesity risk.

NHS investigators have also led and
contributed to consortia-based analyses on
gene—lifestyle interactions, notably in the
Cohorts for Heart and Aging Research
in Genomic Epidemiology Consortium
(http://www.chargeconsortium.com; see
Appendix). Studies have included, for
example, genetic predisposition to higher
BMI or obesity interacting with dietary
patterns, macronutrients, and physical ac-
tivity. In each case, results indicate that
poor lifestyle choices exacerbate genetic
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risk (or, conversely, healthy lifestyle
choices mitigate genetic risk).

Environmental Exposures and
Built Environment

Several NHS substudies have examined
so-called obesogens and obesity risk, in-
cluding blood and urine biomarkers of these
exposures. Among these, for example, was
a study of urinary concentrations of metab-
olites of bisphenol A and phthalates—
byproducts of plastics and other consumer
goods. Higher levels of several of these me-
tabolites were associated with greater weight
gain in both NHS cohorts, implicating
these endocrine disruptors in the obesity
epidemic.”* These intriguing findings are
currently being expanded in new areas
of research (e.g., metabolomics).

The built environment (urban sprawl,
walkability, etc.) has also been implicated
in obesity risk. NHS participants living in
higher-density counties (i.e., lower sprawl)
had lower BMI and higher physical activity,
including more hours per week spent
walking, bicycling, and jogging or running,
than did participants living in lower-density
counties.”® In a subset of older NHS partic-
ipants, increasing density (whether defined
by population, intersections, or facilities

density [e.g., post offices, restaurants]) was
associated with higher odds of meeting
physical activity recommendations by
walking; in addition, a higher density of
physical activity facilities was associated with
a31% lower odds of overweight or obesity.*®

EXCESS WEIGHT AND WEIGHT
GAIN, AND MORBIDITY AND
MORTALITY

Most NHS research has focused on weight
and weight gain in relation to major chronic
conditions: type 2 diabetes, cardiovascular
diseases, cancers, and mortality. However,
weight and weight gain, as well as circulating
concentrations of related markers (e.g., es-
trogens, adiponectin, C-reactive protein,
insulin-like growth factor-I), have also been
linked to a host of other disease outcomes in
the NHS, including gallstones, infertility,
asthma, cataract, psoriasis, and others not
discussed here (see Appendix).

Type 2 Diabetes

Across the initial 8 years of NHS, incident
diabetes risk in women with high normal
BMI (23-23.9) was 3.6 or more times the risk
of those with BMI less than 22.>” Weight gain
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Note. Shown are the relative risks of incident obesity, adjusted for age, source of genotyping data, physical
activity, time spent watching television, smoking, alcohol intake, and other dietary covariates. Horizontal bars

indicate 95% confidence intervals.
Source. Reprinted with permission from Qi et al. 2°

FIGURE 3—Relative Risk of Developing Obesity Among Nonobese Men and Women, per
Increment of 10 Obesity Risk Alleles, According to Intake of Sugar-Sweetened Beverages in

the Nurses’ Health Study (1980-1998), Health Professionals Follow-up Study (1986-1998),
and Women's Genome Health Study (1992-1998): United States
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after age 18 years was also a strong risk factor:
compared with those who maintained a sta-
ble weight through 1984 the relative risk
(RR) of diabetes exceeded 17 for those

27
In

who gained 35 or more kilograms.
extended follow-up, women with an attained
BMI of 35 or more versus less than 22 had
an age-adjusted RR of 93.2. In addition,
whereas adult weight gain continued to be
predictive of diabetes, weight loss of 5 or more
kilograms since age 18 years was associated
with nearly 50% lower risk.*”

Body fat distribution—assessed by waist
circumference or waist to hip ratio—was
found to be an independent predictor of
diabetes risk: a waist to hip ratio of 0.88 or
more versus less than 0.72 was associated with
greater than 3 times the risk of diabetes;

a waist circumference of 38 or more versus
less than 28 inches was linked to greater than
6 times the risk of diabetes.?” These obser-
vations support the inclusion of anthropo-
metric indices of central obesity in clinical
“action levels” for weight management.?

Hypertension and Cardiovascular
Disease

By 1992, nearly 20% of NHS participants
had developed hypertension.”” Both BMI
at age 18 years and midlife BMI were sig-
nificantly associated with incident hyper-
tension. In addition, weight loss over the
long term (i.e., from age 18 years) as well as
medium term (i.e., from 1976) were associ-
ated with a lower, and weight gain with
a higher, risk of hypertension. Results from
NHS II were similar: 11% higher odds of
hypertension per kilogram per meter squared
and 20% higher odds per 4.5-kilogram gain.”'

The first article to examine obesity and
the risk of coronary heart disease in NHS
appeared in 1990.%% Across 8 years of
follow-up, compared with those with
a BMI less than 21, each 2-BMI increment
increased heart disease risk: at 29 or more,
women had more than 3 times the risk of
heart disease after adjusting for age and
smoking, and nearly twice the risk even after
additionally adjusting for mediators such as
hypertension and diabetes.> In addition,
gaining 10 or more kilograms from age
18 years versus maintaining weight within
3 kilograms, conferred a more than 60%
higher risk of heart disease.
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In a follow-up article published in 1995
investigating this association across a longer,
14-year follow-up, women who were able to
remain within 5 kilograms of their age 18
years weight through adulthood had a sig-
nificantly lower risk of heart disease than did
those who gained 5 or more kilograms. These
weight gain—heart disease relationships held
even among women within the “normal”
BMI range, reinforcing the idea that weight
gain through middle adulthood of more
than a few kilograms significantly raises heart
disease risk, even if those gains are not enough
to explicitly classify an individual as over-
weight or obese. These findings suggested
that the then-current US weight guidelines
were likely “falsely reassuring” to the large
proportion of women who were within the
normal BMI range.*

Subsequently, higher waist to hip ratios
and larger waist circumferences were shown
to be associated with a significantly higher risk
of heart disease, independent of BMI.>*
Again, risk increases were similar even in
normal weight women, suggesting an
independent role of central adiposity in
heart disease.”*

Beyond heart disease, BMI and weight
change have also been implicated in stroke
risk.>> Women with BMI of 27 or more
versus less than 21 had approximately 42%
higher risk. Similar to heart disease, weight
gain since age 18 years, compared with weight
stability, was related to an increased risk of
ischemic stroke. Although the leanest women
appeared to have a higher risk of hemorrhagic
stroke than did the heaviest women, the in-
verse relationship was driven by smoking
status: lean smokers, but not lean nonsmokers,
had a higher risk of hemorrhagic stroke than
did their heavier counterparts.”

Cancers

BMI and other measures of adiposity have
been studied in relation to breast, colorectal,
endometrial, ovarian, kidney, pancreatic,
and other cancers.’*”” Overall, higher BMI
and increases in BMI over the life course are
associated with a higher risk of cancer.>® With
respect to postmenopausal breast cancer,
weight and weight gain elevated risk, but the
magnitude of risk was modified by the use
of menopausal hormone therapy. Ina 16-year
follow-up of NHS, obese women who had

Published online ahead of print July 26, 2016  AJPH

never used hormone therapy had a 59%
higher risk of postmenopausal breast cancer
compared with their lean counterparts.
Among never users of hormone therapy,
weight gain since age 18 years was associated
with incident and fatal breast cancer after
menopause. This relationship was sub-
sequently supported across 26 years of follow-
up.”” Furthermore, weight loss since age 18
years was associated with a lower risk of breast
cancer in all postmenopausal women. Weight
change since menopause showed a similar
pattern: gaining or losing 10 or more kilo-
grams was associated with higher or lower
risk, respectively, of postmenopausal breast
cancer, with more pronounced associations
among never users of hormone therapy.”’
With respect to other cancers, the risk of
large, but not small, adenomas in the distal
colon more than doubled in women with
BMI of 29 or higher versus less than 21 across
6 years of follow-up. A significant association
between larger body shape at age 5 years
and a higher risk of distal adenoma was also
subsequently observed, as was the association
of weight gain over the life course with an
increased risk of colorectal cancers overall.>
In NHS cohorts, weight change since age 18
years and higher adult BMI were significantly
associated with elevated endometrial cancer
risk, and in postmenopausal women the as-
sociation was stronger among nonusers of
hormone therapy. In a recent NHS study,
women who gained weight over the life
course, whether initially lean or heavy, also
had an elevated endometrial cancer risk.*® In
long-term follow-up, the risk of cancers of
the kidney and pancreas were also signifi-
cantly higher with higher BMI and weight

.36
gain.””

Quality of Life

NHS>?® and NHS II° studies have ex-
amined weight and weight change in relation
to quality of life, as captured by the Short-
Form 36 Health Survey, which assesses 8
domains of physical and emotional health in
relation to activities of daily living or usual
roles. In a cross-sectional study of BMI and
Short-Form 36 physical quality of life di-
mensions from 1992, obese women had
lower levels of physical functioning and vi-
tality than did women with BMI of 21 to 23.
In a study using a second Short-Form 36

Hruby et al.
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assessment from 1996, women who gained
2.25 kilograms or more were more likely to
experience decreased levels of physical
functioning and vitality and increased bodily
pain, irrespective of baseline weight.*®
Conversely, losing 2.25 or more kilograms in
overweight women was associated with im-
proved physical functioning, vitality, and
pain.*® In another study including NHS I
with follow-up through 2000-2001, gaining
6.75 or more kilograms in a given 4-year
interval was associated with lower physical
quality of life.® In addition to physical func-
tioning, bidirectional relationships between
obesity and depression have also been ob-
served in NHS.”

NHS investigators have extended this
research into successful aging, defined as
being free of major chronic conditions and
having no substantial cognitive, physical, or
mental limitations at age 70 years. Consistent
with the findings for quality of life, excess
body weight, as well as weight gain since age
18 years, significantly predicted diminished

40
chances of successful aging.”

Mortality

Some researchers have suggested that ex-
cess weight is protective against mortality, but
this “obesity paradox” is likely observed be-
cause of confounding by smoking and
existing or preclinical conditions that lead to
weight loss preceding death (i.e., reverse
causation).*' When these methodological
issues are correctly accounted for, as in NHS
analyses, BMI in the overweight or obese
range is associated with a higher risk of pre-
mature death among generally healthy in-

4243 and in those with

dividuals at baseline
type 2 diabetes.**
Among never smokers, there are mono-
tonic increases in the risk of all-cause, car-
diovascular, and cancer mortality from excess
body weight (Figure 4), weight gain, or
central obesity. In ever smokers, a J-shaped
curve appears more typical, in which both
low normal BMI (< 19-22) and obesity
are associated with higher mortality risk.
Overweight or obesity is consistently among
the strongest risk factors for premature
death in the NHS, accounting for some
22% (in nonsmokers; 14% overall) of the
population-attributable risk of all-cause

mortality.*>
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search has identified dietary determinants of
FIGURE 4—Relative Risk of Death From (a) Cardiovascular Disease, (b) Cancer, and (c) Other obesity (e.g., SSBs and poor diet quality),

Causes According to Body Mass Index Among Women in the Nurses’ Health Study Who Had
Never Smoked: United States, 1976-2000

which have provided important justifications

for the inclusion in the current US Dietary
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Guidelines of a focus on healthy eating
patterns and reducing added sugars for the
prevention of obesity and obesity-related
chronic diseases. AJPH
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EDITOR’'S NOTE

Because of space restrictions and the large
volume of references relevant to the Nurses’
Health Study, additional references are pro-
vided in a supplement to the online version of
this article at http://www.ajph.org.
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